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® Method and apparatus for determining the thermal sensitivity of the human peripheral nervous 
system. 



© To determine the heat or cold sensation or pain 
2^'^''®shold of a human being, a thermode is applied to 
^the skin of the subject under investigation, and the 
^tenfiperature is varied until the subject feels pain. 
JTThis pain threshold temperature is maintained for a 

predetermined period of time and then the subject is 
^ requested to adjust the temperature until the same 



CM 



sensation . is felt. The pain threshold temperature 



values obtained by this *'tonic" method may be 
^verified or improved by a "phasic" method of apply- 
^ing thermal stimuli, wherein pulse-type thermal stim- 
ftUuli (81 to 88) are applied with randomly varying 
spacings (81 to 87) and with temperatures varying 
between upper and lower limits (Tm. T©) randomly 



about the pain threshold temperature (Tg) estab- 
lished by the tonic method. 
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@ Method and apparatus for determining the thermal sensitivity of the human peripheral nervous 
system. 



@ To determine the heat or cold sensation or pain 
threshold of a human being, a thermode is applied to 
^the sl^in of the subject under investigation, and the 
^temperature is varied until the subject feels pain. 
JJ"This pain threshold temperature is maintained for a 
*® predetermined period of time and then the subject is 
requested to adjust the temperature until the same 
^sensation is felt. The pain threshold temperature 
^values obtained by this "tonic" method may be 
O verified or Improved by a "phasic" method of apply- 
jQ^Ing thermal stimuli, wherein pulse-type thermal stim- 
Ul^^i (S1 to S8) are applied with randomly varying 
spacings (B1 to B7) and with temperatures varying 
between upper and lower limits (T^n, To) randomly 



about the pain threshold temperature (Ts) estab- 
lished by the tonic method. 

FIG. 2 
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METHOD AND APPARATUS FOR DETERMINING THE THERMAL SENSITfVITY OF THE HUMAN PERIPH- 
ERAL NERVOUS SYSTEM 



The present invention relates to medical meth- 
ods and apparatus, more specifically to a method 
and an apparatus for detemiining the heat and cold 
sensation and pain thresholds of the human nerve 
system. 

Determining the temperature level, at which a 
subject begins to feel a sensation or pain due to 
the application of a thermal (heat or cold) stimufus 
is becoming increaslngiy important for establishing 
ttie status of ttie sd-caifed small or unmyelinated 
nerve fibres which comprise about 85% of all nerve 
fibres in the peripheral nerve system, and of var- 
ious other body functions. For instance, it has been 
shown, that the temperature sensitivity of a patient 
suffering on diabetes mellitus type I varies syn- 
chronously With the blood sugar level. 

F. Strian et al describe in the West-German 
medical magazine "Der Nervenarzt", 1984. 55: 
103-107 a method of determining the temperature 
sensation threshold by applying heat of controllable 
temperature by means of a heat applicator in form 
of a Marstock thermode, which comprises a Peltier 
element The temperature of the applied heat is 
progresslveiy Increased until the subject under in- 
vestigation signals, that he or she feels a heat 
sensation or pain, which he or she signals by 
pressing a button. This terminates the application 
of heat A cold sensation or pain threshold may t>e 
detenmined by a similar procedure. Several thresh- 
old values obtained as described are averaged. 

According to a first aspect of the invention,, 
method and apparatus are provided for applying 
thermal (heat and/or cold) stimuli, which are auto- 
matically maintained at a constant temperature for 
a predetermined period of time after actuation of a 
control device. 

The control device is actuated, when the sub- 
ject under investigation (patient) fcregins to feel the 
application of heat and cold, respectively or pain 
due to the thermal stimulus. The temperature at the 
time of actuation, and, thus, the temperature which 
is maintained for the predetermined period of time, 
is recorded. After said period of time has elapsed, 
the subject is requested, to set a new, second 
temperature level, which produces the same sensa- 
tion as the stimulus applied first. If the first and 
second temperature values are equal, they indicate 
the real pain threshold. If (in the case of heat 
stimuli) the second value is higher than the first 
the patient has adapted to the heat -stimulus and 
this indicates that the first value is lower than the 
real pain tiireshold. If the second value is lower 
than the first, this indicates that the patient has 
sensitized, which indicates that tiie first value is 



.above the real pain threshold. In the case of differ- 
ing values of the first and second temperature, tiie 
approximate real pain threshold temperature can 
be obtained by averaging the first and second 

5 values, preferably by averageing a number of pairs 
of such values. A similar procedure is followed for 
establishing the pain threshold for cold stimuli. The 
above described method may t>e tenmed 
"sensitizing method" or "tonic method". 

TO . The pain threshold temperature values ob- 
tained by the tonic method described above may 
still differ from the actual values due to subjective 
factors, such as fear of the patient or the desire of 
the patient to please the physician who makes the 

15 investigation, or by the desire to produce specific 
results. According to a second aspect of the 
present invention, which relates to a method, which 
may be called "phasic" method, such falsification 
of the results can be avoided by repeated applica- 

20 tion of thermic stimuli with different temperatures 
which vary around tine estimated or approximately 
established pain tiireshold temperature in a manner 
not predictable by tiie pab'ent. The pain threshold 
temperature is preferably established by the above 

25 described tonic metiiod. Preferably the tempera- 
tures of the tiiermic stimuli vary essentially ran- 
domly with respect to the estimated or approxi- 
mately established pain tiireshold temperature 
and/or the periods of time between subsequent 

30 thermic stimuli, during which periods some 
baseline temperature is applied, which does not 
cause pain, vary essentially randomly within pre- 
determined Ranges. The subject under investigation 
indicates whether a thermic stimulus has caused 

35 pain or not In a prefened embodiment of the 
phasic metinod. the indication whether a tiiennal 
stimulus is at>ove or below the pa'n threshold is 
obtained by objective means, i.e. by measuring the 
pulse rate or the muscle tension of the patient 

40 A prefen-ed embodiment of tiie invention will 
now be described wrtii reference to the accompag- 
nying drawings, In which: 

Rg. 1 Is a diagrammatic depiction of an 
embodiment of the tonic method according to the 

45 invention. 

Rg. 2 is a diagrammatic depiction, not to 
scale, of an embodiment of the phasic method 
according to the invention. 

Rg. 3 is a block diagram of a preferred 

50 apparatus for performing the methods of the inven- 
tion. 

Rg. 4 is a more detailed diagram of a pre- 
ferred embodiment of a current amplitude control 
unit of the apparatus of Rg. 3. 
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Fig. 5 is a more detaiied diagram of a pre- 
ferred embodiment of a controllable current source 
. of the apparatus of Ftg. 3. 

Fig. 6 is a diagram of a preferred embodi- 
ment of a logic current control unit of the apparatus 
of Fig. 3. 

Hg. 7 Is a diagram of a half-wave rectifier 
circuit useful in the circuit of Fig. 4. 

Fig. 8 is a diagram of a sample-and hold 
circuit useful in the circuit of Rg. 4. 

Fig. 9 and Fig. 10 are time diagrams for 
explaining the operation of the apparatus of Fig. 3 
in a heat stimulus application mode and a cold 
stimulus application mode, respectively . 

First; the tonic method wiir t>e described with 
reference to Hg. 1. which is a temperature (T. 
degrees centigrade) vs. time (t) diagram showing 
the variation of the temperature of the applied heat 
stimulus for two different pain threshold determina- 
tion tests. 

Between t1 and t2 the temperature T applied to 
the skin of the patient is raised from a start level (e. 
g. about 40*C) until the patient indicates that he 
begins to feel pain. Then, the temperature is held 
constant for a predetermined period of time t2-t3, 
which is at least 30 seconds and generally no more 
than 120 seconds. A value of about 75 seconds is 
pretended at present. 

Thereafter, the patient is requested to adjust 
the temperature so that he feels the same sensa- 
tion as at t2, the initially established pain threshold 
temperature. This second temperature value Is es- 
tablished on t4. Thereafter the temperature is ac- 
tively reduced to the start level. The temperature is 
recorded as shown In Fig. 1 . 

A subject, who senses a decrease in heat 
intensity at the end of the period t2-t3 has adapted 
to the heat stimulus and consequently will increase 
the temperature of the applied heat, as shown in 
the lower, dashed curve of Rg. 1 between t3 and 
t4. (positive T response). By contrast, a subject 
who senses an increase of heat has undergone a 
sensitation process and will decrease the tempera- 
ture of the applied heat (negative T response), as 
shown by the upper, solid curve of Rg. 1 . 

In a practical test, the heat stimuli were applied 
to the thenar of the hand with a Marstock thermode 
(contact area 20 * 30 mm. contact pressure 
1 0p/cm*). This device is based on the Peltier prin- 
ciple and heats up or cools down depending on the 
direction of the DC current that is passed through 
its semiconductor junctions. 

The temperature at the thermode-skin interface 
is measured by a copper-constantan thermocouple 
glued to the thermode's surface and is continu- 
ously recorded by a pen recorder. \Aflth this ar- 



rangement, a very close approximation to tissue 
temperature at the side of the stimulated ther- 
moreceptors and nociceptors of the skin is ob- 
tained. 

5 An example of a measuring cycle of the phasic 

method is shown by the temperature (T) vs. time 
(t) diagram of Fig. 2. First, a basic temperature 
level TO is chosen which does not exceed the pain 
threshold. The basic temperature level is preferably 
70 the temperature Tr , which the thermode attains 
passively (i. e. without flow of electrical cunrent) by 
temperature controlled water passed through it. 
Further a pain threshold temperature is estimated 
or preferably determined by the tonic method ex- 

15 plained with reference to Fig.*"T. A sequence of 
stimulus temperature levels are chosen, which vary 
about the pain threshold temperature in a manner 
not predictable by the subject under investigation. 
The upper diagram of Rg. 2 shows an exem- 

20 plary sequence of heat stimuli SI to S8, during 
which heat of elevated temperature is applied, and 
intervening intervals Bl to B7, during which the 
basic temperature TO is applied. The temperature 
levels of the thermal stimuli Si to S8 vary more or 

25 less randomly, between the basic temperature TO 
and a limit temperature Tm. around the estimated 
or measured pain threshold temperature. The limit 
temperature Tm, which must not be exceeded for 
safety reason, may be a maximum temperature of 

30 about 50<C In case of heat stimuli or a minimum 
temperature of about 5<C in case of cold stimuli. 
The duration of the thermal stimuli may be about'2 
to 5 seconds, and the duration of the intervals B1 
to B7 may vary randomly between about 10 sec- 

35 onds and 30 seconds. 

The application of each thermal stimulus SI to 
88 may be signalled by an acoustical and/or op- 
tical signal. The subject under investigation indi- 
cates after each thermal stimulus, whether the 

40 stimulus was above or below the pain threshold. 
These responses RS are recorded (lower diagram 
of Fig. 2) together with the temperature variation 
(upper diagram of Rg. 2). The actual pain threshold 
temperature Ts can be determined quite exactly by 

4S this procedure. 

Rg. 3 is a block diagram of a preferred em- 
bodiment of an apparatus for pain level establish- 
ment according to both the tonic and the phasic 
methods described above. 

50 The apparatus of Rg. 3 comprises a commer- 

cially available Marstock thermode 30. which in- 
cludes a Peltier element and is used as applicator 
for thermal (heat or cold) stimuli. The thermode 30 
is connected in series with a temperature con- 

55 trolled water supply 31 in a liquid circulation sys- 
tem and has a contact surface 32. which is heat 
coupled to a temperature sensor 34, comprising e, 
g. a thermocouple and built-in ice-point (0*^0) tem- 

3 
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perature reference, and to e.g. the thenar of a hand 
of a subject under investigation shown - 
schematically by block 36. The regulated tempera- 
ture Tr of the water supply or bath may be e.g. 
30*'C and Is used as reference temperature for the 
thermal stimuli, as will be explained with reference 
to Rgs. 9 and 10. The contact surface is covered 
with a thin electncaiiy insulating layer (not shown) 
made of a material of relatively high thermal con- 
ducth/ity, as BeO or AlaOa. 

The thermode 30 is supplied witii direct current 
pulses of controllable duration, amplitude and po- 
larity from a controlled current source unit 38 which 
wll be described in more detail below with refer- 
ence^to Fig. 4; An actual temp>erature signal output 
of the temperature sensor 34 is coupled to first 
inputs of first (A) and second (B) comparators 40, 
42, and a first input 44 of a current amplitude 
controller 46. A second input 48 of the current 
amplitude controller 46 receives an analog signal 
representing a desired temperature level from a 
mode selection switch 50, which allows to select 
one of three variable reference temperature signal 
sources, namely a control device 52 actuable by 
the subject under investigation, a control device 54 
actuable by the physician, who conducts the test, 
and a programming device 56, which may com* 
prise a computer and a digital-analog-converter 
(not shown), or any other programmable signal 
source. 

Comparators 40 and 42 have tiieir second in- 
puts 58, 62 coupled to adjustsd3le reference signal 
sources 60 and 64, respectively. The first and 
second comparators 40, 42, have output terminals 
coupled to corresponding input terminals 70 and 
72, respectively, of a logic cun-ent controller unit 
66, which will be described in detail below with 
reference to Rg. 6. 

The control deyices 52, 54. and the reference 
signal sources 60, 64 may each comprise a cali- 
brated potentiometer connected across a stabifized 
voltage source (not shown). 

The current amplitude controller 46 has furtiier 
a second control input 68 coupled to a push-button 
switch 71 which may be mounted together witii the 
control device 52 in a hand-held unit 74 - 
schematically shown by a dashed rectangle. 

A one-pole double-throw switch 96 allows to 
couple the push-button switch 71 alternatively with 
a first input of an OR gate 98 which has its output 
coupled to a first input of a multiple pen recorder 
100, which allows the subject under investigation to 
record the responses RS (Rg. 2) by pressing the 
push-button switch 71 . A second input of the OR 
gate 98 Is coupled to an apparatus 101, e.g. a 



pulse sensor or a polygraph type, device adapted 
to product an output signal for objectively record- 
ing the responses of tiie subject to an applied 
thermal stimulus. 

5 Reference is now made to the circuit diagram 

of the current amplitude controller 46 shown in Rg. 
4. The input line 48 carrying the desired tempera- 
ture signal is connected to an Input terminal of a 
sample and hold (s&h) circuit which has a control 

10 input terminal 78 and an output terminal 80. The 
output terminal 80 is coupled to a first input termi- 
nal 82 of a two-pole double-throw switch 84. A 
second input terminal 86 of switch 84 is connected 
to the actual temperature signal output 44 of the 

75 temperature sensor 34. A first and second pair of 
output terminals cooperating witfi the input termi- 
nals 82 and 86 are coupled to the inputs of a 
differential amplifier 88 as shown to form a polarity 
reversal switch, which secures tiie correct polarity. 

20 of the difference between tiie actual and desired 
temperature signals across the input terminals of 
the differential amplifier for both the heating and 
cooftng modes of operation. The differential am- 
plifier 88 has its output coupled via a half-wave 

25 rectifier circuit 94 to an amplitude control input 96 
of the controlable current source 38 which will be 
described in more detail witii reference to Rg. 5. 

The control input 78 of the s&h circuit 76 Is 
coupled to a first output of a timer 102. The timer 

30 102 may comprise a monostable multivibrator and 
means to preset the duration of the period of time 
which the multivibrator remains in its actuated state 
after having been triggered by a trigger signal 
received at a control input 68 coupled to the push- 

35 button switch 71 . 

Timer 102 has a second output coupled to a 
second, similar timer 88, which is triggered when 
the timer 102 switches back to its normal state. 
Timer 88. when triggered, energizes a signal lamp 

40 90 or other optical or acoustical signalling device, 
such as a buzzer, for a predetermined period of 
time, to alert the patient to readjust the temperature 
control device 52 as explained with reference to 
Rg. 1. 

45 The controllable current source 38 shown in 

Rg. 5 comprises a single-pole double-throw switch 
104 which receives a current amplitude contix)! 
signal fomn the output 96 of tine half-wave rectifier 
of tiie cunrent conti-oller 46. A second input terminal 

50 of switch 104 is connected to ground. An output 
terminal of switch 104 is coupled to an Input resis- 
tor 106 of a current source circuit 108 which sup- 
plies, at an output terminal 120 an output current 
proportional to the input voltage applied to the 

55 input resistor 106. The input resistor 106 is coupled 
to a first input of an operational amplifier 110 (type 
LM108, National Semiconductor, Santa Clara, CA). 
A second input of the operational amplifier 110 is 
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coupled through a resistor 112 to ground and 
through serially connected resistors 114, 116 to an 
output terminal of the operational amplifier. A negia- 
tive feed-back resistor 118 is coupled between the 
output and tiie first input of the operational am- 
plifier 110. The junction 120 of the resistors 114. 
116 forms the output terminal, of the cun^ent source 
circuit 108. 

A linear current power amplifier 122 has its 
input connected to the output junction 120. The 
output of the power arnplrfier 122 is coupled to a 
first input terminal 124 of a cunrent polarity reversal 
switching device 126 which has a second input 
terminal 128 connected , to ground. The switching 
dev1ce''126 comprises a double^-pole double-throw 
switch and has two pairs of input terminals a1 . a2 
and b1. b2, selectively and aitemately engageable 
by movable contacts connected to output terminals 
130, across which the thermode 30 (Fig. 3) is 
connected. 

The switching device 126 may be an elec- 
tromagnetic relay switch and has an actuating de- 
vice 132 which is controlled by a first output from 
the logic current controller 66 (Ftg. 5). Switching 
device 84 including the actuating device 85 also 
may be an electromagnetlcal relay. The switch 1 04 
may be likewise an electromagnetic relay and conv 
prises a control device 134 which is controlled by a 
further output from the logic current controller 66. 

The logic current controller 66 shown in detail 
in Rg. 6 allows to select whether hot or cold stimuli 
are applied, and provides the necessary logic con- 
trol of the controlled current source 38 (Fig. 5). 

More specifically, the unit 66 comprises a plu- 
rality of control elements which are actuable by the 
physician and are incorporated in a control panel 
(not shown). These control elements include 

-a SW1 switch 140 for selecting hot or cold 
stimuli; 

-a. FBI push button switch 142 which effects, 
upon actuation, a reversal of the cunrent flowing 
through the thermode 30 (Fig. 1 ) and allows e.g. to 
terminate a tonic stimulus (Rg. 1); 

-a PB2 push button switch 144, which, when 
actuated, initiates the current flow through the ther- 
mode with the polarity selected by the SW1 switch 
140. 

-a SW2 switch 146, which is a main or 
emergency switch for tuming the thermode current 
on and off. 

The resistors R shown in Fig. 6 are "pull-up" 
resistors which secure the correct initial state of the 
various logic elements when the apparatus is put 
into operation. 

SW1 switch 140 has a movable contact coup- 
led to a first input of each of an EXOR1 gat© 148, 
an EX0R2 gate 150, an EXOR3 gate 152 and the 
actuating device 85 of switch 84 (Fig. 4). The 
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second input of EX0R2 gate 150 is coupled to the 
input terminal 70 and, thus, to the output of A 
comparator 40, The second input of EX0R3 gate 
152 is coupled to the input terminal 72, and thus, 

5 to the output B comparator 42. . 

PB1 switch 142 is coupled via a debouncing 
monoflop MF1 to a first input of a NA^4D1 gate 
154, the second input of which being coupled to an 
external control device EX1 (not shown) which may 

70 be part of the control device 56 (Fig. 3), and may 
provide time control signals for temninating each 
stimulus initiated by PB2 or EX2. 

. PB2 switch 144 is coupled through a deboun- 
cing monoflop MF2 to a first input of an ANDI gate 

75 156, the second input of whichise'ihg coupled to an 
extemal control device EX2 (not shown) which may 
be likewise implemented by the control device 56 
(Rg. 3). 

The ON-OFF SW2 switch 146 is coupled to a 

20 first input of an 0R2 gate 158. 

The .ouputs of gates 150 and 154 are coupled 
to the inputs of an 0R1 gate 160. OR1 gate 160 
delivers, when activated, a RC signal (reverse cur- 
rent) to a clock input CLK of a FF1 flipfiop 162. the 

25 Q output of which being coupled to the second 
input of EX0R1 gate 148. The output of EX0R3 
gate 152 is coupled to a first input of a NAND2 
gate 164, the second input of which being coupled 
to an extemal control device EX3 (not shown), 

30 which may be implemented by the control device 
56 (Fig. 3). The output of NAND2 gate 164 is 
coupled to a clock input CLK of a FF2 flipfiop 166, 
which, when set, produces a "OFF"-output signal 
ceo to a second input of OR2 gate 158. Flipflops 

35 162 and 166 have their reset inputs coupled to the 
output of ANDI gate 156. FF2 Flipfiop 166 has a 
pull-up resistor R and a capacitor C coupled to its 
preset input S to secure, that the apparatus attains 
the OFF state of the thermode current after Initially 

40 switching on of the apparatus. 

The output of EXOR1 gate is coupled to the 
actuating device 132 (Fig. 5) which actuates the 
polarity reversing switching devices 84 (Fig. 4) and 
126 (Fig. 5). 

45 The output of OR2 gate 158 is coupled to the 

actuating device 134, which controls the switch 104 
(Fig. 5). 

The circuit diagram of the half-wave rectifier 
circuit 94 in Fig. 7 is self-explanatory. For a posi- 

50 tive input voltage, the circuit shown produces a 
proportional negative output voltage; for an input 
voltage which is zero oder negative, the circuit 
produces the output voltage zero. 

The circuit diagram of the sample-and-hold cir- 

55 cuit 76 shown in Fig. 8 is likewise self-explanatory. 
When timer 102 (Fig, 3) is triggered into its active 
state, it furnishes a "hold" signal to the control 
input 78 of the circuit 78 which then provides to the 

5 
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terminal 82 of switch 84 of the current amplitude 
controller 46 of Rg. 4 an output signal equal to tiie 
signal at its input 48; this signal Is held as long as 
the timer 102 is in its activated state. 

The operation of the apparatus of Fig. 3 will 
now be explained with reference to Rgs. 9 and 10 
which are temperature (T) vs time (t) diagrams 
referenced to the thresholds of A comp^arator 40 
and B comparator 42, and to the temperature T r 
of the water supply 31 (Ftg. 3). 

Rrst, the desired mode of operation (heat stim- 
uli or cold stimuli) is set on SW1 switch 140 (Fig. 
^ by tiie physician, in case of a tonic mode of 
investigation, the mode switch 50 (Rg. 3) is set on 
control device 52. The threshold temperature TA of 
A comparator 40 is set by control device 60 to a 
maximum temperature or minimum temperature 
which the thermode must not exceed when apply- 
ing heat or cold stimuli, respectively. 

The threshold temperature TB of B comparator 
42 is set by the control device 64 to a value which 
is slightiy (e. g, 0.5 to 1 *C) below (heating mode. 
Rg. 9) or above (cooling mode, Rg. 10) the refer- 
ence temperature Tr. The thermode 30 assumes 
passively the temperature of the water supply 31. It 
is checked whether the control device 52 Is reset 
to the starting temperature level, which may be the 
water reference temperature Tr. Then, the test is 
initiated by pressing the PB2 push-button switch 
144 (Rg. 6). This activates the cun-ent control and 
the temperature of the thermode 30 is brought 
actively to a value set on the control device 52. 

Referring to Rg. 9, if tiie temperature is raised 
excessively, as shown between to to t„ the A com- 
parator 40 will change its state when the tempera- 
ture of the thermode 30 exceeds the maximum 
temperature TA set by device 60. The change of 
the state of the output signal of A comparator 40 
sets fllpflop 162. The signal RC from the Q output 
of the fiipflop 162 reverses the polarity of the 
current through the thermode by actuating the po- 
larity reversal switching device 126, so tiiat the 
temperature of the thermode is actively reduced 
during the interval trt^. When the temperature is 
decreased below the threshold temperature TB of 
B comparator 42. this comparator will change its 
state and its changed output signal will set the FF2 
fiipflop 166 which causes the switch 104 to change 
into the "Oi=F" state and cut-off of the cun^ent 
through the thermode 30. The cunrent remains OR^ 
until the fllpflops 162, 166 are again reset by ac- 
tuating the PB2 push-button switch 144. 

In a normal tonic test, the apparatus is enabled 
by pressing PB2 switch 144, and the subject under 
investigation then raises the temperature of the 
thermode by appropriate actuation of control de- 
vice 52 until* she or he feels pain (period of time ti 
to t«. Fig. 9). When p^n is felt the push-button 



switch 71 is actuated. This starts the timer 102. 
The test is then performed as described with refer- 
ence to Rg. 1 and at tiie end of tiie test, the 
physician terminates tiie test by actuating PB1 

. 5 switch 142 (ts). This reverses the current flowing 
through tiie tiiermode 30, so that the thermode is 
actively cooled down between u and ts. At tc com- 
parator B changes Its state and switches the cur- 
rent off as explained afc>ove. The thermode attains 

70 then passively the temperature of the water supply 
31. 

The cooling mode of operation shown in Rg. 
10 is quite similar to tiie heating mode shown in 
Rg. 9; in fact Fig. 10 is a mirror image of Rg. 9 in 

T5 respect to the reference temperature Tr. Thus, now 
furtiier explanation should be necessary. 

In a phasic test, the mode switch 50 is set on 
control device 56, which provides a desired tem- 
perature signal to current amplitude controller 46, a 

20 stimulus start signal at tenminal EX2 (Rg. 6) and a 
stimulus end signal at terminal EX1 (Rg. 6) at the 
appropriate times to produce a randomized series 
of thermal stimuli as explained with reference to 
Rg.2. 

25 In the manual mode of operation the mode 

switch 50 is connected to the control unit 54. The 
switch 96 is set to connect the push-button switch 
71 to the recording device 100. The physician can 
now control the temperature through the control 

30 device 54. The actuation signal RS input of the 
recording device 138 may be alternatively or in 
addition connected to the sensing device 101 
which automatically responds to some state of the 
patient L e. the muscle tonus or heart beat rate, to 

35 record an '"objective" sensing signal. 

It should be clear that various modifications 
and alterations could be niade to the described 
embodiments, as using electronic switching de- 
vices and otiier types of circuits performing similar 

40 functions, witiiin the scope and spirit of tiie present 
invention as set forth in the appended claims. 



Claims 

45 

1. An apparatus for testing the temperature 
sensrtivity of a portion of the skin of a subject, sad 
apparatus comprising 

-applicator means (30) having a contact surface 
50 (32) for applying a tiiermal stimulus of controlled 
temperature to said skin portion; 

-means (38) for energizing sad applicator 
means; 

-means (56) for controlling said energizing 
55 means to cause said applicator means to produce 
a series of timely spaced thermal stimuli, each of 
which having a predetermined duration and a pre- 
determined temperature; the temperatures of said 
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stimuir having values, between a lower and an up- 
per temperature limit, 

-means for adjusting each of said limits, and 
-means for recording said temperature valuies 
and a response of said subject to selected stimuli. 5 

2. The apparatus as claimed in claim 1, com- 
prising signalling means for producing an optical 
and/or an acoustical signal indicationg the applica- 
tion of a thermal stimulus. 

3. The apparatus as claimed in claim 1. 
wherein said contact surface Is provided with an 
electrically insulating coating. 

4. The apparatus as claimed in claims 1 or 2, 
further comprising a temperature sensor fixed to 
said contact surface and an electrically "insulating 
layer between said surface and said sensor, said 
sensor providing an actual temp^erature signal, to 
said controlling means (56). 

5. The apparatus as claimed in claim 1. 
wherein said temperature values are essentially 
randomly distributed between said limits. 

6. The apparatus as claimed in any of claims 1 
to 5, wherein the time spacings of said stimuli vary 
in an essentially raridom manner. 

7. The apparatus as claimed in any of claims 1 
to 6. wherein said lower and upper limits are set 
below and above a preestabiished level, respec- 
tively, at which said subject under investigation 
regards said stimulus as painful. 

8. The apparatus as claimed in any of claims 1 
to 7, further compri^ng means (100) for recording 
the temperature of said applicator means and the 
times of actuation of an actuating means, said 
actuating means being adapted to be actuated by 
the subject under investigation. 

9. The apparatus as claimed in any of claims 1 
to 8, further comprising means (101) for deriving a 
physical response of the subject under investiga- 
tion to. the application of a thermal stimulus from 
said subject, and recording means for recording 
said response and the temperature of said surface. 

10. The apparatus as claimed in any of claims 
1 to 9, comprising means for actively returning the 
temperature of said applicator means to a refer- 
ence temperature level at the end of a thermal 
stimulus. 

11. The apparatus as claimed in any of the 
preceeding claims, further comprising actuating 
means (71) and means (76, 102) responsive to said 
actuating means for maintaining essentially con- 
stant the temperature of said contact surface on a 
temperature value established by said controlling 
means at the time of actuation of said actuating 
means for a predetermined period of time aufter 
said actuation. 

13 A method of establishing the sensitivity of a 
subject for thermal stimuli, said method comprising 
the steps 
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-establishing predetermined upper and lower 
temperature limits, 

-applying thermal stimuli to a skin portion of 
said subject, said stimuli having temperatures 
which vary , in an essentially random manner be- 
tween said limits. 

14. The method claimed in claim 10, wherein 
said stimuli are applied with varying time spacings. 

70 
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